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V.  Experimental  Parasitism: 
A  Study  of  the  Biology  of  Limnerium  Validum  (Cresson). 

By  P.  H.  TiMBERLAKE,  A.  M., 

Agent  and  Expert,  Gipfnj  Moth  Parasite  Lahoratorii. 
INTRODUCTION. 

The  biology  of  none  of  our  American  parasitic  Hymenoptera  is 
too  well  known  to  demand  an  apology  for  the  appearance  of  this 
article,  and  it  is  the  hope  of  the  author  that  the  results  of  the  studies 
here  set  forth  will  call  to  the  attention  of  our  professional  and 
amateur  entomologists  this  exceedingly  rich  but  almost  untouched 
field  for  investigation.  A  little  of  the  ecolog}^,  especially  of  the 
host  relationship,  of  many  of  our  parasites  has  been  recorded,  but 
the  various  and  interesting  adaptations  in  the  larval  structure  and 
habits  of  our  different  species  are  almost  unknown. 

In  connection  with  the  practical  work  at  the  Gipsy  Moth  Parasite 
Laboratory  of  importing  and  liberating  parasites  of  tlie  gipsy  aiid 
brown-tail  moths,  considerable  attention  is  paid  to  the  habits  and 
biology  not  only  of  the  imported  parasites,  but  also  of  our  native 
parasites  of  caterpillars  that  resemble  the  gipsy  moth  or  brown-tail 
moth  in  habits  or  destructiveness.  In  this  way  considerable  knowl- 
edge has  accumulated  which,  besides  its  intrinsic  and  theoretical 
value,  has  been  useful  in  perfecting  the  methods  of  handling  the 
imported  species  and  in  showing  which  of  our  American  species,  if 
any,  may  be  expected  to  become  contributing  factors  in  the  control 
of  these  pests. 

It  was  especially  with  this  latter  idea  in  mind  that  in  the  spring 
of  1910  a  series  of  experiments  was  undertaken  to  work  out  the 
biology  of  our  native  Limnerium  validum  (Cresson)  (fig.  32)  and 
its  behavior  toward  unusual  hosts.  The  experiments  grew  out  of  a 
successful  attempt  to  foster  oviposition  on  small  brown-tail  moth 
caterpillars  (Eu-proctis  clirysorrhcea  Linnaeus),  which  yielded  such 
unexpected  complications  that  the  work  was  continued  on  other  hosts 
as  they  became  available  in  the  course  of  the  spring. 

LimneAum  vaJidnm.  proved  to  be  an  excellent  subject  for  experi- 
mentation for  several  reasons,  but  chiefly  on  account  of  its  docility  in 
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confinement  and  the  readiness  with  which  it  attacks  any  suitable 
species  of  caterpilhir  and  because  the  heavily  chitinized  chorion  of 
the  egg  is  remarkably  durable.  This  last  fact  was  an  advantage  in 
determining  the  number  of  eggs  deposited  in  a  caterpillar,  even  when 
considerable  time  had  elapsed  after  the  hatching  of  the  larva.  For- 
lunately  for  the  success  of  the  experiments  an  abundance  of  adults 
of  this  species  was  at  hand,  reared  from  cocoons  obtained  the  preced- 
ing fall  from  its  usual  host,  Ili/panfria  cunea  (Drury). 

This  Limnerium  is  one  of  the  hymenopterous  parasites  atfecting 
the  fall  webworm  {Hyphanti-ia  cunea)  ;  and  although  not  so  important 
as  Mcteorus  and  ApanfeJes,  it  is  frequently  found.  In  the  northern 
States  it  emerges  from  the  fall  webworm  and  spins  its  cocoon  mostly 
during  the  montli  of  September.  Unlike  Limner'nnn  pilos^ihim  (Pro- 
\an('her).  another  species  common  on  Ili/phantria^  it  hibernates  in 

its  cocoon  until  late 
the  following  spring 
or  summer,  and  con- 
sequently it  has  been 
considered  to  have 
only  a  single  genera- 
tion a  year.  Farther 
south,  however,  as 
pointed  out  by  Dr. 
L.  ().  Howard  (1897) 
in  his  bulletin  on  the 
white  -  marked  tus- 
sock-moth {Ileiiwro- 
ca  mp  a  le  uc  os  f  ig  ma 
Smith  and  Abbot), 
of  which  it  is  an  un- 
important parasite,  it 
])r(ybably  ^  hibernates 
jis  an  adult,  as  its  empty  cocoons  were  found  associated  with  "  spun- 
Hp"  larva'  of  the  IIcmcrocdmjMi  in  the  middle  of  DecemlnM".  Dr. 
Ilownrd  m1><)  i(m'()i-(1s  rearing  the  adidt  as  early  as  the  middle  of  July, 
so  that  in  the  vicinity  of  AA'ashington,  D.  C,  two  generations,  if  not 
more,  occur  annually.  Besides  its  favored  host,  Uijphnntna  onica, 
:iii(l  the  Il(  tinrocdin  p<i,  it  pr()l)al)ly  attacks  other  catei'pillars,  but  so 
fai-  as  the  iiudioi-  is  aware  no  otiier  rearinirs  have  been  recoi'ded. 


Fn;.  :V1.  l/iiiin(  iliiiii  rdlidinii :  a.  Adult  ffinale.  sido  view; 
h,  abdomen  of  male;  <\  nu'tasciiluiu  from  above;  </, 
coooon.  Enhirjjed.  (a,  ^,  <l ,  Kcdrawn  Irom  Howard; 
(\  oriiiiiml.) 


EXPERIMENTS. 

(;km;i:.\i-  Miyriions  or  kxtkhimkn  tation. 

Tn  most  of  the  experiments  inidcrtaken  with  I/nnncr'nim,  raliiJum 
llic  |):ii-asil('s  and  (•a(('i-i»ill:ii's  were  conlined  together  in  large  glass 
cyliiKh'is  covered  a(  llu'  (op  with  cheesechith,  and  resting  on  cloth- 
covered    frames.     When   it    was  desirable,  however,  to  have  a  large 
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number  of  ('aterj)illai'.s,  a  small,  flat  tray  was  iis(h1,  wire  screened 
on  the  bottom  and  covered  with  ghiss.  A  small  liole  in  the  side  of 
the  tray  was  found  useful  in  introducing  fresh  f()lia<2^e  sprayed 
wdth  sw^eetened  water,  as  food  for  the  caterpillars  and  parasites. 
In  the  first  experiments  several  females  of  the  Limnerium  were 
confined  with  a  limited  number  of  caterj)illars,  but  later,  when  it 
was  discovered  how  readily  the  parasites  attacked  the  hosts,  the 
number  of  the  latter  was  proportionately  increased.  Dissection  of 
the  caterpillars  was  chiefly  relied  upon  in  working  out  the  results 
of  each  experiment. 

BEHAVIOR    OF    LTMNERIUM    VALIDUM     (cRESSOn)     IN    CONFINEMENT. 

This  species  did  not  become  overrestless  in  confinement,  and  hardly 
betrayed  the  excitement  that  some  parasites  are  said  to  do  when 
in  proximity  to  their  hosts.  This  tranquility  may  possibly  be  ex- 
phiinecl  b}^  the  fact  that  the  Lhnnerium  was  always  confined  with 
species  of  caterpillars  that  do  not  naturally  serve  it  as  hosts,  and  it 
might  have  been  stimulated,  perhaps,  to  greater  activity  by  fall 
Avebworms.  The  females,  however,  readily  oviposited  in  4  of  the  G 
species  of  caterpillars  with  which  they  were  confined.  The  postero- 
dorsal  part  of  the  host  was  usualh-  chosen  as  the  most  suitable  j)()int 
for  attack,  and  there  seems  to  be  a  more  or  less  Avell-developed  instinct 
in  this  as  well  as  other  parasites  to  keep  away  from  the  head  of  the 
caterpillar  in  ovipositing.  This  instinct  is  not  so  necessary  for  large, 
strong  parasites  like  Liinner'min  valldnm^  but  ma}"  be  of  great  ad- 
vantage to  small,  w^eak  species  like  Meteorus  or  Apanteles.  These 
frequently  attack  caterpillars  that  are  many  times  their  size,  and 
might  easily  fall  a  victim  to  one  vicious  sweep  of  the  host's  head,  or 
become  so  daubed  up  by  juices  exuding  from  the  mouth  of  the  ex- 
cited caterpillar  that  they  could  not  escape.  As  circumstantial 
evidence  of  the  existence  of  this  instinct,  comparatively  few  eggs  were 
found  near  the  head  in  dissected  caterpillars,  and  by  far  the  greater 
number  was  found  in  the  posterior  half  of  the  body.  A  favored  site 
for  them  was  in  the  extreme  tip  of  the  postero-clorsal  2:)art  of  the  body 
cavity  just  beneath  the  integument. 

The  males  of  Lhnnerium  were  slightly  more  active  than  the  females 
in  running  about  the  cage,  but  they  paid  no  attention  to  the  caterpil- 
lars, and  but  little  attention  to  the  females.  Xone  was  ever  seen 
attempting  to  mate. 

limnerium  validum  as  a  parasite  of  euproctis  chrysorrhcea 

(  Linnaeus). 

Three  experiments  were  undertaken  during  February  and  March, 
1910,  to  determine  whether  Limnerium  valklum  would  successfully 
attack  brown-tail  caterpillars,  and  to  collect  data,  if  possible,  on  the 
early  stages. 
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FIRST    EXPERIMENT. 

In  the  first  experiment,  on  February  2,  5  females  of  Limnt'riurn 
were  confined  in  a  small  glass  cylinder  with  10  active  broAvn-tail 
caterpillars  about  8  mm.  long.  The  experiment  was  closed  on 
February  15,  at  which  time  the  last  of  the  caterpillars  died.  Nine 
of  the  caterpillars  were  carefully  dissected  and  a  count  made  of  the 
easily  discovered  eggs  and  larvae  of  LimMerimn.  The  largest  num- 
ber found  in  one  caterpillar  was  28  eggs  and  11  larvae  with  the 
empty  eggshells,  dissected  from  one  that  died  on  February  11.  The 
smallest  number  Avas  4  eggs  and  5  larviv  taken  from  a  dead  caterpillar 
on  February  15.  One  hundred  and  forty-six  eggs  and  72  larva^  Avere 
found  in  all,  making  a  total  of  218  eggs  dei)()sited  by  the  5  females 
in  the  course  of  the  4  to  G  days  that  they  remained  alive,  or  an 
average  of  nearly  44  eggs  for  each  female,  and  about  24  to  each 
caterj)illar. 

With  this  unusual  number  of  eggs  and  larvcT  present,  it  is  no  won- 
der that  the  caterpillars  failed  to  survive.  As  the  caterpillars  in 
every  case  died  before  the  larva^  had  grown  to  any  appreciable  ex- 
tent and  even  before  all  the  eggs  had  hatched,  it  is  not  probable 
that  they  were  killed  by  the  feeding  of  the  parasites.  It  is  nuich 
more  probable  that  they  succumbed  to  the  mechanical  irritation 
pi"()(liiced  by  so  many  eggs  and  hirva'.  which  not  only  may  liave 
caused  a  violent  disturbance  or  pathological  condition  of  the  body 
tissues,  but  also  tended  to  keep  them  fi'om  feeding. 

SECOND    EXPEHI  M  EXT. 

A  second  experiment  W5iS  started  on  Fel)ruary  5,  with  5  females  and 
18  active  brown-tail  cateri)illars.  By  February  9,  all  the  parasites 
were  dead,  and  8  caterpillars  were  found  dead  on  the  11th  and  5 
more  on  the  19th.  In  the  8  dead  caterpillars  (U  uuliatched  and  5 
hatched  eggs  were  found,  but  only  1  lar\a,  which  had  grown  to  be 
al)out  five  times  the  size  of  newly  hatched  larva\  althouah  still  in 
Hh'  first  stage.  About  S  eggs,  on  an  average,  were  thus  found  in 
each  cMtcrpillar.  and  they  weie  undoubtedly  at  least  a  strong  con- 
tributing factor  in  causing  the  death  of  the  latter. 

Three  of  the  5  li\ing  caterpillars  wer(^  dissected  on  I^'ebruary  19 
and  the  icniaining  two  on  March  1.  In  these  5  caterpillars  oidy  1 
unhjitched  v<i\f  and  12  eggshells  with  only  I  lar\  jc  were  found.  This, 
on  an  aveiage.  is  only  2  or  .'>  to  each  caterpillar,  for  although  1 
li;i(l  been  N'ictiniized  S  times,  1  had  escaped  altogether.  Only  A 
hirvie  were  found,  and  of  these  )>  had  died  shortly  after  hatching 
befoi-e  growing  to  any  extent,  whereas  1  had  managed  to  live 
:iii<l  inci'eas4>  in  size  about  fnc  times.  In  the  \\\  catei'pillai's  dis- 
secte(l.  72  unliatche(l  eggs.  17  hatched  eggs,  niid  5  l:ir\a'  weic  found. 
<»i-  nearly  7  to  ;i  c;iteipillar  and  IS  i"oi-  each  female  Liiniti'iinin. 
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AMCEBOCYTOSIS    AS    A    rKOTlXTlVK    KI:A(  TION    OK    THI,    HOST. 

The  remarkable  fact  in  the  array  of  figiuvs  just  <z:iv('ii  is  tlie 
disparity  between  the  number  of  eggshells  or  cast  choria  foiind  and 
the  number  of  larvie.  The  lattei-  were  large  enough  so  that  tliey  could 
not  have  been  overlooked,  and  the  only  explanation  is  that  they  had 
been  killed  by  the  host  and  absorbed  by  the  blood  tissues,  or  de- 
stroyed, in  other  Avords,  by  anioebocytosis.  The  chitinous  choria, 
on  the  other  hand,  escaped  unharmed.  In  the  preceding  experiment, 
in  one  of  the  dead  caterpillars  dissected  on  P'ebruary  15  the  dead 
larvae  and  some  of  the  eggs  and  eggshells  were  found  inclosed  in  a 
firm,  thick,  homogeneous-appearing,  transparent  capsule  of  tissue. 
The  significance  of  this  was  not  realized  at  that  time,  but  when  on 
February  19  the  same  phenomenon  was  noticed  in  the  dissection  of 
living  caterpillars,  the  mystery  of  the  missing  larvae  was  explained, 
for  when  the  capsule  was  stained  in  methyl  green  and  mounted  in 
glycerin,  it  was  resolved  under  the  high  power  of  the  microscope 
into  innumerable,  densely  packed,  minute,  roundish  and  spindle- 
shaped  cells.  These  were  undoubtedly  blood-tissue  cells  or  amoebo- 
cytes,  and  whereas  they  were  not  true  phagocytes,  yet  their  func- 
tion must  have  been  to  break  down  and  absorb  the  tissues  of  the 
parasites,  for  within  the  capsules  larvae  were  found  in  several  stages 
of  dissolution. 

Later  experiments  with  the  same  and  other  hosts,  such  as  Jlala- 
cosoma  and  Notolophus^  brought  to  light  the  fact  that  this  amoebo- 
cytic  reaction  takes  place  regularly  when  the  Llmnenum  occurs  in 
these  hosts  to  which  it  seems  to  be  unaccustomed  and  unadapted. 
In  most  cases  it  was  found  that  the  parasite  was  able  to  hatch  from 
its  egg.  but  that  it  perished  generally  soon  afterwards  before  growing 
to  any  extent.  Many  times  the  larva  was  found  to  have  disappeared 
entirely  through  the  action  of  the  amcebocytes,  yet  the  story  of  its 
death  and  dissolution  was  told  by  the  encapsulated  remains  of  the 
much  more  resistant  eggshell.  Whether  the  amcebocytes  gathered 
around  and  killed  the  living  larvae  and  eggs  or  attacked  only  para- 
sites that  had  been  killed  by  some  other  factor  Avas  not  certainly  de- 
termined; but  the  former  supposition  is  probably  correct,  as  un- 
hatched  eggs  containing  embrj'os  in  different  stages  of  dissolution 
were  found  sometimes  inclosed  in  sheaths  of  these  cells.  In  one  in- 
stance, also,  a  larva  that  had  grown  to  be  about  six  times  the  size  of 
newly  hatched  larvae,  was  found  entirely  inclosed  except  for  its  head 
in  a  characteristic  sheath.  This  larva  was  probably  living  when 
its  host  was  killed  for  dissection,  or  at  least,  judging  from  its  fresh 
and  uninjured  condition,  it  could  not  haA^e  been  dead  for  more  than 
a  few  hours. 

An  extended  series  of  dissections  of  Hyphantria  cunea^  on  the  other 
hand,  made  by  J.  D.  Tothill  during  the  fall  of  1910,  showed  that  the 
34176''— No.  19,  Pt.  V— 12 2 
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larva^  of  Limneriuin  are  free  from  the  slightest  trace  of  aiiurbocyiic 
attack  when  occurring  in  their  natural  host. 

Other  phases  of  this  so-called  '•phagocytosis''  have  been  studied 
by  several  European  investigators,  especially  by  Cuenot  (18t.)()), 
Janet  (190G,  1907).  and  Pantel  (1910).  The  latter  author  has  given 
a  sunnnary  of  those  cases  of  amoebocytosis  that  were  known  to  him 
in  his  excellent  " Rcc/ur(hc\'<  siw  les  Dipteres  a  Larves  E ntam-ohles.'''' 
He  concludes  that  this  defensive  reaction  of  the  host  is  aroused  not 
only  by  bacterial  infection  but  also  by  sick  or  dead  parasitic  larva3 
and  by  molt  skins,  and  states  that  free  and  healthy  larva^  are  regu- 
larly exempt. 

The  only  cases  of  sick  larvae  that  Pantel  seems  to  have  observed 
are  larvic  of  Tachinidie  that  have  fallen  accidentally  from  their 
breathing  holes,  generally  during  the  molting  of  the  host.  Such 
larviv  do  not  affix  themselves  anew,  but  wander  about  in  the  body 
cavity  of  the  host  until  overcome  by  sulfocation.  Pantel  further  ob- 
serves that  the  anal  sheaths  of  such  larva  begin  to  turn  brown  and 
become  inclosed  by  a  great  number  of  amoebocytes,  which  finally 
almost  completely  cover  the  larva. 

In  the  case  of  dead  larva  which  have  perished  in  the  struggle  for 
the  possession  of  the  host,  Pantel  observes  that  their  bodies  only 
exceptionally  become  incapsulated  by  amoebocytes.  The  molt  skins, 
on  the  other  hand,  he  furthermore  states,  are  attacked,  not  always, 
but  most   frecpiently  by  amoebocytes. 

The  similar  action  of  amoebocytes  in  breaking  down  the  wing  mus- 
cles of  queen  ants  has  been  described  by  Janet  (190().  1907).  The 
nmscles  are  not  devoured  in  snuill  fragments  by  phagocytes,  but  are 
disintegrated  gradually  and  absorbed  by  amoebocytes,  which  creep  in 
amonof  the  fibrilhe  in  lar^e  numbers. 

AVe  have  seemingly  in  this  amcebocytic  reaction  a  manifestation  of 
the  protective  faculty  of  the  host  in  guarding  against  the  attack  of 
entoparasites.  As  shown  by  Pantel  (1910)  and  confirmed  by  our 
own  ()l)servations  of  various  species  of  parasitic  Diptera  and  llymen- 
optera,  normal  or  adapted  parasitic  larva\  when  healthy,  rarely  if 
ever  arouse  this  defensive  reaction,  or,  in  other  j^ossibly  more  correct 
words,  they  are  able  to  repel  the  aunebocytes  by  some  curious  adai)ta- 
tion.  Fnadapted  parasites,  on  the  contrary,  being  unable  to  repel  the 
amo'bocytes.  in;iy  regularly  succumb  to  their  agency.  The  instinct  of 
parasites  under  ordinary  conditions  well  fits  them  for  choosing  their 
accustomed  hosts,  but  in  the  millions  of  instances  where  this  instinct 
comes  into  play,  an  egg  niay  be  placed  occasionally  in  an  unsuitable 
host.  In  such  cases  the  resulting  larva  seems  to  be  doomed  to  a  lin- 
gering death,  and  its  tissues  are  absorbed  by  the  ainiebocytes  with 
no  ultimate  deti'imeiit  to  the  ho>t. 

AHAl'I  AIIOX    OK    I'AKAsni       TO    IIOSI". 

The  ))lii'n<)Uicii()ii  of  ain<f'I)()cyt(»is.  on  the  other  hnnd.  hi'ing^  u|)  the 
(jue-tion.    Why   do   not    :ill    parasites  >\\[\vv  the  same    fate,  and    what 
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constitutes  adaptation?  AVe  l)e<j:in  here  to  sink  deep  into  the  (jiia«z:- 
mire  of  specuhition  and  donbt.  We  may  say  that  the  parasitic  larva 
is  so  siniihir  to  the  host  in  its  effluvia  or  physical  hciiia-.  llial  its 
presence  is  not  felt  or  resented,  and  that  it  bears  much  the  same  rela- 
tion to  the  host  that  the  fetus  within  the  uterus  dcx's  to  the  mannna- 
lian  mother;  or  we  may  conclude  that  it  secretes  substances  into  the 
blood  which  paraly/.e  the  protective  reactions  of  the  host.  A\'e  are 
more  inclined  to  accept  the  latter  view,  for  we  have  observed  several 
phenomena  in  the  course  of  other  dissections  which  are  diflicult  to 
explain  except  by  a  secretion  hypothesis. 

In  dissecting  various  parasitized  insects  Ave  have  often  noticed 
pathological  changes  in  the  body  tissues,  and  especially  that  the 
flaky  fat  bodies  are  often  converted  into  a  number  of  comparatively 
gigantic,  globular  cells  which  are  unattached  and  float  freely  about 
in  the  blood  of  the  insect.  In  dissecting  brown-tail  moth  caterpillars 
imported  from  Europe  w^e  have  seen  small  first-stage  larvie  of 
Meteoriis  exert  a  strange  and  fatal  influence  over  the  larvix?  of  Ztjgo- 
hothna  nidicola  Fallen,  wdien  occurring  together  in  the  same  host. 
The  larvae  of  Meteorus  live  free  in  the  body  cavity  of  the  host  at  the 
extreme  posterior  end  of  the  body  on  the  dorsal  side,  whereas  the 
maggot  of  ZygohothHa  is  normally  found  encysted  in  the  wall  of  the 
crop  or  oesophagus.  In  the  few  cases  in  Avhich  both  Avere  found  in 
the  same  caterpillar,  the  maggot  of  Zygohofhria  had  left  its  cyst  in 
the  crop,  and  Avas  either  Avandering  about  in  the  body  cavity  of  the 
host  or  had  already  died.  Hoav  can  we  explain  this  strange  and 
untimely  reaction  of  the  maggot,  unless  we  consider  that  it  had  been 
stimulated  to  activity  by  some  unusual  substance  in  the  blood  tissues 
of  the  host,  either  secreted  by  the  larva^  of  Meteorus^  or  by  the  host 
itself  in  reaction  thereto? 

FURTHER  EXPERIMENTS    WITH    EUPROCTIS   CHRYSORRHCEA. 

A  third  experiment  was  started  on  February  15  Avith  about  100 
brown-tail  moth  caterpillars  that  had  been  feeding  for  20  days  and 
w^ere  consequently  about  10  mm.  long.  These  caterpillars  Avere 
placed  in  a  small  tray,  and  15  females  of  Limnerhim  were  confined 
with  them  between  the  15th  and  27th  of  February,  fresh  females 
being  added  as  the  first  ones  died. 

Dissection  of  living  caterpillars  was  undertaken  on  the  -Ith  of 
March  and  continued  on  the  llth.  Thirty-four  caterpillars  in  all 
were  dissected  and  15  Avere  found  to  be  parasitized  by  Limnerium. 
Not  more  than  2  lar\^8e  or  eggs  AA^ere  found,  on  an  aA^erage,  in  a  single 
caterpillar,  and  the  larAse  were  in  most  cases  dead.  Only  one  larva, 
in  fact,  had  obtained  any  size,  and  it  was  only  about  six  times  as 
large  as  the  newly  hatched  larA'a^.  Although  incrusted  with  a  capsule 
of  amoebocytes  it  may  liaAe  been  still  alive,  but  could  not  have  surviA^ed 
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much  longer.  All  the  other  larvae  that  were  found  were  newly 
hatched,  or  had  been  killed  soon  after  hatching,  and  were  commonlv 
inclosed  in  a  sheath  of  amcebocvtes. 

The  rest  of  the  caterpillars  were  kept  alive  as  long  as  possible  in 
the  hope  that  one  or  two  of  the  Limneiium  might  be  able  to  pass 
through  their  transformations,  but  none  was  reared.  The  experi- 
ment therefore  furnished  data  similar  to  those  obtained  in  the  pre- 
ceding experiments,  and  conclusively  confirmed  the  belief  that  IJm- 
iierium  vdlidum  is  unable  to  live  as  a  parasite  within  brown-tail 
moth  caterpillars. 

LIMNKRIIM    VALIDUM    AS    A    PARASITE    OF    MALACOSOMA    AMERICANA 

(fabricius). 
On  Ai)ril  L>()  an  experiment  was  started  with  Limnerium  valldum 
as  a  parasite  of  the  common  tent  caterpillar  (Malarosoma  amencana 
Fabricius).  Three  females  were  confined  in  a  large,  flat,  tangle- 
footed  tray,  with  three  nestfuls  of  caterpillars,  mostlv'in  the  second 
stage,  collected  in  the  open  at  Melrose  Highlands,  Mass.  A  fourth 
nest  was  added  on  the  21st  to  insure  an  abundance  of  caterpillars  for 
the  Lhnnerinm  to  attack.  By  the  26th  the  Lhnnerhim  had  all  died, 
but  2  more  females  were  placed  in  the  tray  on  the  28th.  Many  of 
the  caterpillars  at  that  time  were  passing  into  the  third  stage. 

KKSULTS   OF   EXPERIAIENTS   AS   DETERMINED   BY   DISSECTION. 

On  May  ;5  dissections  were  made  of  (>  second-stage  and  11  third- 
stage  caterpillars,  of  which  all  of  the  former  and  9  of  tlie  latter  were 
found  to  be  parasitized.  The  results  of  the  dissections  are  o-iven  in 
Table  I. 


Table    l.~Rc.sults    of    <//^•.s•rc//o/^s•    of    ratcrinnars    of    Mulavo.soina    (uncrivaua 
parasitized   hij  Limiicriiun    niliduni. 
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1 
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According  to  the  dissections  19  eggs  were  deposited  in  the  17  cater- 
pillars, distributed  as  follows:  One  catt^pillar  was  parasitized  tliree 
times,  2  twice,  12  once,  and  2  escaped  parasitism  altogether.  Of  the 
19  eggs  deposited,  2  failed  to  hatch  and  Ix^came  covered  with 
amcebocytes,  as  did  also  the  eggshells  except  in  one  doubtful  instance, 
and  in  case  of  a  third  the  embryo  or  larva  was  killed  during  the 
process  of  eclosion,  becoming  also  densely  encapsulated  with 
amcebocytes.  Two  other  lai-^se  were  killed  after  hatching,  and  were 
entirely  destroyed  by  the  action  of  the  amcx^bocytes,  but  their  former 
presence  was  revealed  by  the  empty  eggshells.  The  remaining  H 
larva^  were  in  a  living  and  apparently  healthy  condition.  Some  were 
recently  hatched,  but  others  had  grown  to  an  appreciable  extent. 
The}^  lay  free  in  the  body  cavity  of  the  host,  generally  in  tlie  pos- 
terior half  of  the  body,  either  above  or  below  the  digestive  tube,  and 
with  the  head  directed  caudad  in  respect  to  the  host. 

On  the  7th  of  May.  5  caterpillars  in  the  fourth  stage  w^ere  dis- 
sected, and  in  2  of  them  was  found  a  living  first-stage  larva ;  on 
the  11th,  10  more  caterpillars  were  dissected,  but  none  was  para- 
sitized; again  on  the  19th  2  caterpillars  out  of  10  in  the  fourth  and 
fifth  stages  were  found  to  be  parasitized.  One  contained  a  living, 
first-stage  larva  of  Limneriwn,  the  other  a  living  larva  in  the  second 
stage,  each  host  being  about  20  mm.  long. 

EMERGENCE   OF   ADULTS   OF   LIMNERIUM    FROAI    REPRODUCTION. 

On  the  21st  of  May,  2  unspun.  full-grown  larv?e  of  Limneri}(m  were 
discovered  in  the  tray,  and  between  that  time  and  the  1st  of  June,  29 
in  all  w^ere  found,  6  of  w^hich  died  before  spinning  cocoons.  The  rest 
spun  perfect  cocoons,  and  G  passed  through  their  transformations  to 
the  imagos,  in  every  case  males,  from  June  7  to  June  14.  The  re- 
maining 17  cocoons  remained  unissued  up  to  December  13,  wiien 
they  were  cut  open  and  examined.  All  were  found  to  contain  dead 
larvse,  some  perfectly  dry  and  shriveled,  although  4  seemed  only 
recently  dead,  as  they  were  still  plump  although  much  discolored. 

In  all  cases  in  this  experiment  w^here  remains  of  the  host  were 
found  associated  with  the  larva  or  cocoon,  the  Limneriiiifn  issued 
from  half-groAvn  caterpillars,  which  were  mostly  in  the  fourth  stage, 
although  a  few  appeared  to  be  small  and  stunted  specimens  of  the 
fifth  stage.  On  May  28  the  remains  of  a  host  w^ere  examined.  This 
caterpillar  w\as  killed  by  the  parasite  when  about  25  mm.  long,  while 
.still  in  the  fourth  stage.  It  had  a  large,  round  hole  in  the  integument 
on  the  ventral  side,  just  back  of  the  head,  through  which  the  larva 
escaped,  after  destroying  all  of  the  internal  organs.  The  integument 
inside  was  left  perfectly  dry  and  bare,  except  for  a  small  amount  of 
broken-down  tissue  at  the  extreme  posterior  tip  of  the  body. 
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LENGTH   OF  THE   STAGES  IX  THE  LIFE   HISTORY  OF   LIMNERIUM. 

From  this  and  the  preceding  experiments  vre  may  estimate  that  the 
duration  of  the  embryonic  develojyment  of  Limnenum  rah'dunu  or 
the  time  from  oviposition  to  the  hatching  of  the  egg,  is  about  G  to  8 
days:  that  the  hirval  developmental  period  lasts  for  about  24  to  33 
days:  and  that  the  pupal  period,  or,  more  exactl3\  the  time  from  the 
spinning  of  the  cocoon  to  the  eclosion  of  the  adult,  is  about  13  to  22 
days,  or  nnich  longer.  The  length  of  the  larval  j^eriotl  within  the 
coccmn  Ix^fore  pupation  was  not  determined,  but.  judging  from  the 
cocoons  examined  on  December  13,  it  may  be  extended  several  months. 
The  minimum  time  from  egg  to  imago  is  thus  about  7  weeks,  or 
50  (lavs,  whereas  the  maximum  time  to  the  eclosion  of  the  adult  may 
be  many  months,  due  to  quiescence  within  the  cocoon.  This  species 
hitherto  has  l)een  considered  to  have  a  single  generation  a  year,  but 
I  his  hist  experiment  seems  to  indic^ite  that  under  certain  conditions 
at  U»ast  it  is  able  to  pass  through  two  generatiojis  annually.  Under 
normal  conditions,  however,  there  is  much  doubt  whether  more  than 
one  generation  actually  occurs  in  the  Northern  States. 

A  rOSRTBLY  NORMAL  PARASITE  OF   MALACOROMA. 

This  ex]:)eriment  shows  that  Limjtcr'nnii  raJidn?))  is  a  possibly  nor- 
mal j)arasite  of  the  tent  caterpillar,  although  it  has  never  been  found 
attacking  that  species  in  the  field.  The  reason  for  this  is  obvious: 
The  tent  caterpillars  hatch  early  in  the  spring,  long  before  the  Li?7i- 
tierhim  leaves  its  cocoon,  and  therefore  are  not  in  season  for  this  para- 
site. From  the  fact,  however,  that  nearly  one-half  of  the  caterpillars 
dissected  in  this  experiment  wei'e  found  to  be  parasitized,  and  that 
comparatively  few  were  killed  by  L'nnnerium,  we  may  conclude  that 
Limnerium  validum  is  only  partially  adapted  to  this  host.  In  the 
dissecting  work  only  5  dead  larva^  or  eggs  were  discovered,  but  many 
moi-e  without  much  doubt  succuuiIkhI  to  the  defensive  reactions  of 
tlic  host.  In  tlie  42  caterpillars  dissected,  23  eggs  or  larva*  were 
found,  jind  21)  other  larva'  were  successful  in  j^assing  through  their 
lai\al  d('\-elo])inent.  making  w  total  of  only  52  })arasites  that  came 
nndci-  ol)sci'\atioiL  If  tlie  5  iVniales  used  in  this  ex})eriment  ovi- 
])Osit(Ml  a>  freely,  however,  as  those  in  the  ])receding  e\j)eriments.  and 
there  i>  no  I'eason  to  U'licNc  otherwise,  some  100  to  200  eggs  or  even 
nioic  were  piobahly  laid.  'linking  100  as  a  conservative  estimate, 
and  witli  due  allowance  for  the  destruction  wrought  by  the  dissec- 
tion-, we  may  thus  figure  on  a  moi'tality  of  at  least  about  37  \wy 
cent.  The  cast  eggshells  wvvv  almost  iinariably  found  thickly  en- 
slM-athcd  with  aind'bocytcs.  and  llie  function  of  the  lattei-  was  without 
<loiii>(  the  same  a-  in  the  case  of  the  brown-tail  moth  catei'pillars, 
to  disintegrate  if  not  to  kill  the  young  lar\ie.    In  the  present  instance, 
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however,  a  few  of  the  hirviT  were  able  to  withstand  the  artion  of  the 
amtt^bocytes  and  reach  maturity.  This  iiiinuinity  of  the  few  is  of 
theoretical  interest,  as  it  Avould  furnish  a  basis  under  proper  condi- 
tions for  the  evohitionary  deveh)pnient  of  complete  host  relationship. 
It  is  not  difficult  to  conceive  that  this  })arasite  in  the  course  of  not 
many  generations  might  adapt  itself  so  as  to  insure  a  minimum  mor- 
tality, and  thus  l)ecome  an  effective  enemy  of  the  tent  (•ater|)i]lar. 

ltmnerium   valn)r:m  as  a   parastl-e  ok   notolophi  s  antiquus 

(ltxxaefs). 

One  of  the  most  interesting  of  the  experiments  was  started  May 
9,  1910,  with  the  rusty  vaporer  moth  {Notolo pints;  antiqnvs  Linnaeus) 
as  the  host.  One  unfertilized  female  Limnerinm  was  confined  with 
25  smt^ll,  third-stage  caterpillars.  The  female  remained  alive  for  12 
days  and  oviposited  freely  in  the  caterpillars. 

Dissection  work  was  commenced  on  June  IT  and  was  continued  at  in- 
tervals until  June  30.  In  all.  10  caterpillars,  1  pupa,  and  7  moths  were 
dissected.  In  the  10  caterpillars,  a  total  of  40  eggs  and  eggshells  was 
found,  and  8  larvae  which  were  all  dead;  in  the  1  pupa,  1  eggshell 
was  found;  and  in  the  T  moths,  a  total  of  IG  dead  eggs  and  eggshells 
was  discovered,  making  a  total  of  57  eggs  laid  by  the  single  female 
in  only  18  of  the  hosts.  The  results  of  the  dissections  are  given  more 
in  detail  in  Table  II. 

This  experiment  proved  conclusively  that  this  parasite  is  not  at  all 
adapted  to  live  at  the  expense  of  Xotolophus.  The  larva^,  even  if  they 
were  able  to  hatch,  were  killed  by  the  host  soon  afterward,  and  at 
least  6  of  the  eggs  were  unable  to  hatch.  Two  other  eggs  were  found 
with  the  dead  larva  only  partially  out  of  the  shell.  The  larvae  in 
most  cases  were  entirely  destroyed  by  the  host,  so  that  all  trace  of 
them  was  lost,  except  for  the  cast  eggshell,  yet  a  few  resisted  total 
disintegration  for  a  long  period.  The  body  tissues  of  the  latter, 
however,  were  broken  down,  so  that  nothing  was  left  but  the  integu- 
ment. The  eggshells,  or  dead  eggs  with  the  embryo  inside,  resisted 
destruction,  on  the  other  hand,  to  a  remarkable  degree,  and  were 
found  practically  unharmed  for  a  month  or  even  longer  after  they 
were  laid,  not  only  in  the  body  cavity  of  the  caterpillar  and  pupa 
but  even  in  that  of  the  adult  moth,  and  invariably  well  incased  in 
a  sheath  of  amoebocytes.  The  eggshell  in  the  single  pupa  dissected 
was  found  adhering  to  the  ovarian  tubules  of  the  host;  in  the  case  of 
the  mothsj  the  eggs  or  shells  were  found  many  times  just  beneath  the 
integument  of  the  abdomen,  or  among  the  ovarian  tubules.  One 
female  moth,  which  was  in  perfect  condition  and  in  no  way  incon- 
venienced, carried  0  of  these  eggshells. 
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Table  II. — Results  of  dissections  of  caterpillars  and  later  stages  of  Xotolophii} 
antiquus  parasitized  hy  Limnerium  validum. 


Date  of 
dissec- 
tion. 


Stage  and  sex  of  host. 


Ma.v  17 . . .    Fourth-stage  caterpillar. 


Do do 

Mav  30. . .    Fifth-stage  caterpillar. . 

Do do 

June  14...   Sixth-stage  caterpillar.. 


Do Male  moth 

June  15 do 

Do Female  pupa 

June  17...    Sixth-stage  caterpillar... 

June  IS. . .    Male  moth 

June  20. . .    Fifth-stage  caterpillar. . . 


Num-  Number  Niim- 
ber  of       of  un-  ber  of 
eggs  hatched  egg- 
laid,         eggs.  shells. 


Do. 
Do. 


.do. 
.do. 


Do... 

June  30. 

Do... 


Female  motli. 

do 

do 


Do '  Male  moth 

Do Sixth-stage  caterpillar.. 

i  Total 


Num- 
ber of 
larvae. 


Remarks. 


57 


44 


Embrvos    not    noticed    within 
eggs. 
Do. 

No  trace  of  larv;v. 

Larvie  much  broken  down. 
1  i  Larva    killed    before    complete 
eclosion. 

No  trace  of  larva. 

Egg  contained  dead  embrvo. 

Shell  among  egg  tubes  of  host. 

Larva  broken  down.  Host  dead. 

No  trace  of  larva. 

Larva   killed   before   complete 
eclosion.    Host  dead. 

Host  dead,  not  parasitized. 

LarvtB  broken  down;  killed  soon 
after  eclosion.    Host  dead. 

No  trace  of  larva^. 

Egg  contained  dead  embrvo. 

Two  eggs  contained  dead  em- 
bryos. 

No  trace  of  larva. 

Lar\'a  all  destroyed  except  skin. 
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LIMNERIUM  VALIDUM  AS  A  PARASITE  OF  PORTHETRIA  DISPAR    (lINNAEUS). 

Two  experiments  were  undertaken  to  tleterinine  whether  this 
species  of  Lhnneriuin  can  parasitize  successfully  the  caterpillars  of 
the  nripsy  math  {Porthetna  dhpar  Linnaeus).  Both  were,  unfortu- 
nately, unsatisfactory  in  that  the  caterpillars  Avere  subject  to  disease 
and  soon  died  in  confinement.  The  second  experiment  only  fjave 
any  results  at  all,  and  was  started  June  10,  when  1  female  L'nnnei^him 
was  confined  with  20  caterpillars  in  the  third  and  fourth  staijes,  col- 
lected at  Melrose  Iliohlands,  Mass. 

On  June  IT  the  female  Limtwrium-  was  dead,  and  19  of  the  cater- 
pillars had  succumbed  to  disease.  These  dead  cateri)illars  were  care- 
fully disst^'ted,  and  in  4  of  them  were  found  IS  eirirs  of  Ltmnerium, 
fK'cuiTin<r  2,  3,  T),  and  S  in  number,  respectively.  The  eo<rs  ^Yere  all 
unhatched,  the  embryos  undevelojK'd.  and  in  some  of  the  e<rt;s  the 
contents  appeared  to  be  broken  down,  such  eairs  beino-  undoubtedly 
<lead.  AVhether  they  had  died  thi'()u<rh  contacl  with  dead  and  dis- 
eased tissues  of  the  cater|)illars  or  had  been  kilUnl  i)i-evi()usly  by 
some  reaction  of  the  host  is  not  clear.  In  e.\j)eiiments  witli  brown- 
tail  moth  caterpillais  earlier  in  the  season,  livin<r  eiiirs  and  even 
larva'  were  found  within  dead  ho.sts:  but  in  that  case  the  caterpillars 
had  not  died  from  disease,  but  were  killed  by  super]-)arasitism. 

On  the  iMst  of  June.  i\  more  of  the  catei-pillars  had  died.  They 
were  dissected,  jind  in  one  :>  eir<rs  of  Lhuntrhnn  wei-e  found  still  un- 
liatclied.      \\\    June  ;;i    the   i-emainiii«r   '»  cateipiilar^  had   succumbed 
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Fig.  33. — Limnerium  validum:  Egg.     En- 
larged about  120  times.     (Original.) 


to  disease,  and  the  experiment  was  closed  willionl  any  conclii.sive 
evidence  being  gained,  although  the  inference  may  he  (hawii  tliat 
Lumienuni  validum  is  not  adapted  to  the  gipsy  motli. 

EXPERIMENTS    WITH    OTHER     HO.S'I  S. 

Several  experiments  were  also  started  with  cateri)ilhirs  of  the  com- 
mon tussock  moth  {Ilemerocanipa  IcucoHtlgnia  Smith  and  Aljbot) 
and  of  the  mourning-cloak  butter- 
fly (Euranessa  ant'iopa  Linnaeus), 
but  for  various  reasons  they  furnish 
no  satisfactory  evidence  to  show^ 
whether  these  hosts  can  be  para- 
sitized successfully  by  Limnerhim 
validum.  It  is  rather  unfortunate 
that  the  experiment  Avith  the 
Hemerocainpa  did  not  give  any 
results  on  account  of  disease  prev- 
alent among  the  caterpillars,  in  view  of  the  fact  that  this  species 
of  Limnerhim  has  been  reared  by  Dr.  L.  O.  How^ard  from  the  tussock 
moth  at  Washington,  D.  C.  In  Massachusetts,  however,  it  has  never 
been  surely  reared  from  this  host,  although  large  numbers  of  the 
tussock  moth  have  been  collected  in  various  parts  of  the  State  and 
carefully  studied  at  the  Gipsy  Moth  Parasite  Laboratory.  It  seems 
likely^  therefore,  that  the  Limnenum'  varies  in  habits  in  different 
parts  of  the  country,  or  this  apparent  difference  in  host  relationship 

may  be  ascribable  merely  to 
changes  in  its  seasonal  his- 
tor}'  brought  about  by  a 
colder  climate. 

NOTES  ON  DEVELOPMENT 
AND  ANATOMY  OF  THE 
LARVA. 

THE    EGG. 


Fig.  34. — Limnerium  validum:  Eclosion  of  larva 
Enlarged  about  120  times.     (Original.) 


The  egg  (figs.  33,  U)  of 
Limneiium  validum  is  elon- 
gate kidney-shaped  or  subcylindrical  and  rather  convex  on  the  dorsal 
side,  slightly  concave  ventrally,  with  both  poles  bluntly  rounded. 
The  chorion  is  heavily  chitinized,  comparatively  thick  and  resistant, 
and  wnth  a  perfectly  smooth  surface.  Its  color  is  pale  brown,  or 
sometimes  nearly  white  in  the  case  of  freshly  deposited  eggs,  but  not 
always,  as  fully  colored  eggs  may  be  found  in  the  oviducts  of  dis- 
sected females.  In  size  the  egg  is  about  0.35  to  O.-tl  mm.  long  and 
0.13  to  0.14  mm.  in  transverse  diameter. 
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Adult  females  freshly  issued  from  cocoons  were  dissected  on  several 
occasions,  and  fully  develo^^ed  eggs  to  the  number  of  15  to  '20  were 
found  in  the  oviducts  ready  for  oviposition.  The  female  of  this 
species  therefore  may  perpetuate  its  kind  almost  immediately  after 
its  eclosion  from  the  cocoon  (fig.  32).  It  may  also  be  parthenogenetic 
at  times,  as  eggs  that  were  laid  by  unfertilized  females  in  the  pre- 
ceding experiments  hatched  freely.  Xot  enough  evidence  was  gained 
to  state  positively  whether  unfertilized  eggs  always  produce  males, 
but  this  is  probably  true. 

THE    FIRST-STAGE    LARVA. 
DESCRIPTION    OF    THK    NEWLY    HATCHED    LARVA. 


The  first  stage  of  the  larva  of  Limneriinn  is  characterized  by  13 
segments,  including  the  comparatively  heavily  chitinized  head,  and 
a  long  tapering  ventral  appendage  of  the  last  body  segment.     In  the 

case  of  newly  hatched  larvae 
(fig.  35)  the  head  is  about 
one-half  as  long  as  the  body, 
excluding  the  tail  appendage, 
and  is  bent  to  the  axis  of  the 
body  at  an  angle  of  about 
45".  Its  dorsal  margin  is 
strongly  curved,  especially 
anteriorly;  the  ventral  mar- 
gin is  nnich  shorter  and  only 
slightly  curved.  The  integu- 
ment of  the  head  is  rather 
heavily  chitinized  and  is 
slightly  pigmented  with 
Ijrown.  It  has  a  slight  ridge  on  each  side  running  backward  from 
the  insertion  of  the  mandibles,  and  separating  the  gula  from  the 
cheeks.  The  gula  seems  to  be  but  slightly  hollowed  out  and  is  as 
heavily  armored  as  the  rest  of  the  head. 

The  mouthparts  (fig.  37)  consist  of  prominent,  curved  and  sharply 
pointed  mandibles,  crossing  each  other  at  the  tips,  and  projecting 
somewhat  downward  into  the  large  mouth  cavity.  The  ai)ertiire 
of  the  mouth  is  surrounded  by  a  raised,  chitinized,  circular  rim,  about 
0.037  nnn.  in  diameter,  and  with  a  broad  inner  margin.  The  poster- 
ior inner  margin  i-  a  heavily  chitinized  plate,  with  two  prominent 
teeth  separated  by  an  angular  median  indentation. 

'I'hc  body  in  the  thoracic  region  is  nearly  as  broad  as  the  head 
but  i-ai)i(Ily  tajxT-  posteriorly.  The  thin,  delicate,  transparent  in- 
tegnnieiit   i-  thrown  into  I'ohls  on  the  (Ior>iiin  and   Nt-nter.  but  appar- 


FiG.  35. — LimnerUim  validum:  FIrst-stacre  larva 
newly  hatched.  Enlarged  about  120  times 
(Original.) 
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ently  not  on  the  sides.  Each  fohl  on  the  venter  represents  a  body 
segment,  thongh  some  may  be  more  or  Ie^.s  donble;  the  fohls  on  the 
dorsum,  however,  are  phiinly  (U)uble,  as  two  occur  on  eacli  segment. 
The  body  is  thus  found  to  be  12-segmented,  exchiding  the  tail 
appendage  which  is  plainly  a  ventral  outgrowth  of  the  last  segment. 

The  appendage  itself  sometimes  appears  to  l)e  distinctly  ringed, 
due  undoubtedly  to  the  folding  of  the  integument.  It  is  slender, 
tapering,  and  about  four-fifths  as  long  as  the  body.  During  em- 
bryonic development  it  is  bent  sharply  forward  and  appressed  to  the 
venter;  after  eclosion  it  is  bent  to  the  axis  of  the  body  for  a  short 
period  at  an  angle  of  about  90°,  though  later  in  life  it  extends 
straight  backward.  Its  color  and  that  of  the  body  is  transparent 
whitish. 

The  total  length  of  the  newly  hatched  larva  is  about  0.G4  nun.; 
without  tail,  only  0.41  nun. ;  the  width  of  the  head  is  0.11  mm.  and 
that  of  the  thorax  0.10  mm. 

FUNCTION    OF    THE    TAIL    APPENDAGE. 

In  case  of  larvae  observed  immediately  after  hatching,  the  tracheal 
system  could  be  made  out  easily,  and  was  filled  with  air  without 
doubt,  though 
necessarily  of 
the  closed  or 
a  p  n  e  u  s  t  i  c 
type.  Only 
one  fine  trach- 

eal     branch      ^'"''^-  ^^- — Limncrium   validum:  First-stage  larva  of  large  size,  show- 
,,     ,  ,.  ing  silli  glands  and  nervous  system.     Enlarged  50  times.    (Original.) 

could  be  dis- 
tinguished in  the  tail,  and  it  was  clearly  not  important  enough  to 
indicate  that  the  tail  is  a  tracheal  gill.  The  function  of  the  tail, 
howe^•er.  is  probably  respiratory,  and  the  organ  might  properly  be 
termed  a  blood  gill.  There  is  nothing  in  its  structure  to  contradict 
this  view,  as  it  is  a  simple,  hollow  tube  lined  with  hypodennal  cells, 
and  undoubtedly  filled  with  blood  a  gi'eater  part  of  the  time.  Since 
the  larva  lies  free  in  the  body  cavity  of  the  host  it  is  constantly 
bathed  in  blood  and  lymph  fluids,  from  which  the  oxygen  of  its  oavu 
blood  must  be  derived  through  the  delicate  integument  of  the  tail, 
or  other  parts  of  the  body,  especially  while  still  small. 

APPEARANCE    OF    OLDER    LARV.E. 

The  larva  makes  its  escape  from  the  egg  by  bursting  open  the  cho- 
rion irregularly  at  the  anterior  pole  (fig.  84).  possibly  with  the  aid 
of  the  mandibles.  After  hatching  it  develops  rapidly  if  located  in  a 
suitable  host,  and  molts  for  the  first  time  in  probably  about  T  to  10 
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days.  Before  molting  it  attains  a  length  of  nearly  if  not  quite  2 
mm.,  for  some  larvae  were  found,  evidently  nearly  full-sized,  about 
1.7  mm.  long.  It  now  differs  considerably  in  appearance  from  newly 
hatched  larva?,  as  a  comparison  of  figures  35  and  36  will  indicate. 
The  head,  being  heavily  chitinized.  has  remained  the  same  size,  but 
the  body  has  grown  until  it  is  about  five  times  as  long  as  the  head 
instead  of  only  twice  as  long,  as  at  first.  The  tail  has  also  increased 
in  size,  but  not  proportionately  to  the  growth  of  the  body.  Because 
of  this  rapid  growth  the  folds  of  the  integument  so  noticeable  in 
newly  hatched  larvae  have  largely  disappeared,  but  are  still  discern- 
ible as  slight  creases,  and  atlord  the  onlv  means  wherebv  the  seg- 
ments  of  the  bodv  mav  be  distinguished. 

NOTES  ON   THE  ANATOMY   OF   THE  LARVA. 

The  development  of  the  viscera  as  made  out  in  stained  and  mounted 
specimens  is  not  without  interest.  Toward  the  end  of  the  first  instar 
the  sericteries  become  the  most  conspicuous  organs 
in  the  body,  thus  forecasting  the  prime  importance 
of  the  cocoon-spinning  habit  as  a  protection  during 
the  pupal  period.  There  is  a  pair  of  these  silk 
glands  which  seem  to  start  blindly  in  the  first  body 
segment  and  extend  backward  after  branching  once 
to  the  eleventh  or  twelfth  segment.  In  reality, 
however,  they  are  connected  anteriorly  with  a 
minute  tube  which  runs  forward  to  the  mouth. 
The  glands  themselves  are  also  tubular  and  com- 
])osed  of  coni]:)aratively  enornious  cells,  with  large 
oval  nuclei. 

The  proctodanim  is  also  conspicuous  and  extends 
forward  onl}^  to  the  anterior  end  of  the  twelfth 
body  >egment.  It  is  a  thick-walled,  ovoid  organ,  and  although  con- 
tiguous with  the  posterior  end  of  the  mesenteron,  il  does  not  com- 
numicate  therewith.  At  the  anterior  end  it  gives  rise  to  four  large 
Malpighian  tubules  which  extend  forward  into  the  ninth  or  even  the 
eighth  segment.  The  anus  appears  as  a  distinct  opening  at  the  end 
of  the  twelfth  segment  on  the  doiNal  side,  thus  proving  that  the  tail 
is  a  ventral  outgrowth  of  the  last  segment.  As  the  anus  is  distinctly 
oj)en.  there  is  no  reason  why  the  secretions  of  the  Malpighian  tubules 
may  not  be  passed  off  into  the  blood  of  the  host. 

'I'he  brain  toward  the  end  of  the  first  instar  is  crowded  partly  out 
of  the  head  and  becomes  a  conspicuous  oi-gan  of  the  first  body  seg- 
ment. The  same  i)hen(>menon  takes  place  in  regard  to  the  infracr- 
sophageal  ganglion.  Twelve  ventral  ganglia  may  be  distinguished, 
of  wliich  the  fii*st  5  are  closely  united  to  each  other  and  to  the  infrace- 
sopliageal  ganglion,  the  following  •'>  being  >ej)arate(l  by  connnissures, 
but  the  la>t  2  are  also  conjoined. 


Fig.  37. — Limncrium 
rnlitlum:  Mouth- 
part.s  of  lirst-staj:o 
larva.  Knlaryed 
alK)nt  L*.")0  times. 
(Orifrinal. » 
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THE  S?]CONr)-STA(JE  LARVA. 

The  larva  after  the  first  molt  differs  conspicuously  from  the  first - 
stage  larva  in  respect  to  the  soft,  unarmored  head,  and  the  much 
shorter  tail  nppeiidage  (fig.  38).  The  mouth  and  its  j)ju-ts  an^  also 
considerably  changed. 

The  head  is  still  large  and  prominent  and  has  much  (he  same  gen- 
eral shape  as  in  the  first  stage,  although  considerably  shorter.     Its 


Fig.  38. — Limnerium  validum :  Second-sta2:e  larva.     Enlarpred  about  30  times.      (Original.) 

integrmient  is  soft  and  pliable  like  that  of  the  body.  The  mouth- 
parts  (fig.  39)  consist  of  a  slightly  bilobed,  simple  labium,  and  two 
strong,  curved  mandibles,  which  project  downward  into  the  large 
funnel-shaped  mouth  cavity.  The  body  is  distinctly  cylindrical  and 
tapers  but  little  behind.  Twelve  segments  in  the  body  may  be  easily 
distinguished,  the  last  one  of  which  is  prolonged  ventrally  into  a 
short,  conical  tail  appendage. 

Only  a  few  larvae  in  this  stage  were  found,  and 
they  were  all  about  2.2  mm.  long.  The  duration 
of  this  stage  is  probably  short,  perhaps  not  more 
than  from  5  to  7  days. 

THir  THIRD-STAGE    LARVA.  F^,,      30.  -  Limnenum 

DESCRIPTION    OF   THE   FULL-GROWN    LARVA.  validum:    Mouthparts 

of  second-stage  larva. 

A\Tien  the  larva  has  obtained  its  full  size  and     Enlarged  about   100 

1  ,^        ^        ,     ' ,     •       f  r^    .       -.  ^  1  1        times.      (Original.) 

leaves  the  host  it  is  from  9  to  10  mm.  long,  and 
pinkish  white  in  color.  It  is  like  the  usual  hymenopterous  type  of 
larva  (fig.  40),  and  the  body  is  rather  deeply  twelve-segmented. 
The  head  is  comparatively  small  and  inconspicuous,  and  the  tail 
appendage,  so  characteristic  of  the  first  stage  and  still  persistent  in 
the  second  stage,  is  now  entirely  lacking. 

The  mouth  parts  (fig.  4i)  are  decidedly  different  from  those  in  the 
preceding  stages.  They  consist  of  strong  mandibles,  supported  by 
two  short,  longitudinal,  heavily  chitinized  ridges,  and  two  long, 
transverse  ridges  that  extend  nearly  to  the  lateral  margins  of  the 
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head.  Below  the  mandibles  is  a  more  or  less  circular  labium  with 
heavily  chitinized  margins,  supported  by  two  short  transverse  ridges. 
The  mouth  opening  is  small  and  hardly  distinguishable,  but  prob- 
ably lies  directly  beneath  the  tips  of  the  mandibles,  toward  which 


Fio.  40. — TAmnerium   rulUhim:  Third-sta^e  larva.     Enlarjjed  about  8  timos.      (Original.) 

point  there  is  a  gentle  declivity.  Just  in  front  of  the  dee[)ly  con- 
cave, anterior  end  f)f  the  labium,  in  fact  at  the  bottom  of  this  con- 
cavity, is  located  the  external  opening  of  the  sericteries.  Above  the 
mandibles  are  two  large,  circular,  slightly  pigmented  spots,  which 

undoubtedly  mark  the  place 
where  the  compound  eyes 
of  the  adult  are  beginning 
to  develop. 

FEEDING    H.\BITR    OF    THE    IMTRIS- 
om:i)   I..\RVA. 

With  a  clear  understand- 
ing of  the  mouth  structures 
in  tlie  three  stages,  we  may 
briefly  consider  the  feeding 
habits  of  the  imprisoned 
larva.  The  old  accepted 
theory  up  to  the  time  of 
Katzeburg  was  thiit  in- 
ternal parasitic  larva^  feed 
u])on  the  fat -body  of  the 
host.  Ratzeburg  (1844), 
howe\'er,  was  forced  to  re|)lace  this  theoi-y  with  one  that  is  prob- 
ably more  nearly  cori-ect.  Tie  concluded  that  sucli  larva)  feed 
upon  the  lym})li  and  bIcMxl  of  the  host  ratlier  than  upon  any  of 
the  solid  tissues.  This  view  seems  especially  api)licable  to  the  feed- 
ing habits  of  Ajxtntclcs  and  related  genera,  which  often  leave  the 
lio^t  in  a  living  though  comatose  condition,  but  as  the  mandibles  are 


F\(\.  41.  JAmnvrium  raUdiim:  Anterior  view  of 
ht'Md  of  lliird-sla^'c  larva,  showiii};  inoiithitarts. 
Knlar^M'd  jilxmt  00  times.     (()ri;,'inal.) 
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well  developed  in  all  three  larval  sta^i^es  in  the  case  of  TAm^rtfr'ntm^ 
we  hesitate  to  apply  it  in  entirety  to  this  species.  We  do  not  Ixilieve, 
however,  that  the  larvae  of  Limnerium  while  small  actively  attack 
and  devour  any  of  the  solid  tissues  of  the  host  including  the  fat- 
bodies,  but  rather  institute  pathological  changes  whereby  thes<'  tis- 
sues become  available  for  food.  The  first  tissues  to  be  broken  down 
are  the  fat-bodies,  whereas  the  vital  organs,  including  the  digestive 
tube,  resist  dissolution  until  the  last.  The  very  apparent,  early  dis- 
appearance of  the  fat-body  in  parasitized  caterpillars  probably  ac- 
counts for  the  old  theory  that  the  parasite  consumes  it  directly.  The 
parasite  certainly  does  consume  the  fat-body,  but  only  after  it  has 
been  broken  down.  We  have  often  noticed  this  condition  of  the  fat- 
body  in  apparently  healthy  caterpillars  that  harbored  the  early  stage 
of  almost  any  hymenopterous  parasite.  In  such  cases  the  fat-bodies 
were  broken  down  more  or  less  completely  into  their  component 
parts,  and  the  blood  of  the  host  was  filled  with  the  perfectly  globular 
fat  cells  of  varying  sizes,  and  sometimes  of  a  truly  enormous  size  for 
mdividual  cells.  These  small,  solid  particles,  we  believe,  are  as 
readily  eaten  by  the  larvae  of  Limnerhnn^  at  least,  as  the  fluid  medium 
in  which  they  float  about  within  the  body  of  the  host.  The  mouth- 
parts  in  the  first  and  second  stages  of  Limnerium  are  admirably 
adapted  for  this  purpose,  being  in  fact  a  sucking  apparatus,  with 
strong,  pointed  mandibles,  so  placed  as  to  aid  in  swallowing  small, 
solid  particles.  In  the  third  stage  the  mouthparts  are  still  essen- 
tially sucking,  but  as  the  mouth  opening  is  surrounded  by  chitinized, 
supporting  or  possibly  rasping  ridges,  there  is  some  gi'ound  for  be- 
lieving that  even  solid  tissues  may  now  be  taken  in,  even  before  they 
have  been  wholly  disintegrated.  When  the  parasite  reaches  this 
stage,  the  host  has  become  somewhat  weakened,  its  fat-body  having 
been  almost  entirely,  and  its  body  fluids  greatly,  depleted.  Unlike 
the  condition  produced  by  some  larv?p  of  tachinids  at  this  stage  in 
their  dievelopment,  the  remaining  tissues  never  dissolve  into  a  putrid 
or  semiputrid  mass,  but  at  all  events  remain  clear  and  wholesome. 
To  just  what  extent  the  tissues  are  broken  down  before  being  con- 
sumed has  not  been  definitely  determined,  but  we  believe  usually  to 
a  semiliquid  condition  in  the  case  of  Limnerium.  A  caterpillar  for- 
saken by  a  larva  of  the  Liinnerinin  was  closely  examined,  and  a 
small  amount  of  tissue  was  found  at  the  posterior  end  of  its  body. 
This  tissue  was  probably  the  remains  of  the  muscles  of  that  region, 
and  appeared  to  be  of  a  mucilaginous  consistency. 

RESPIRATION   OF  THE  LARVA  IN   THE  THIRD   STAGE. 

The  shortening  of  the  tail  appendage  in  the  second  stage  and  its 
entire  disappearance  in  the  third  stage  must  necCvSsitate  a  gradual 
change  in  the  respiratory  habit  of  the  larva,  if,  indeed,  the  tail  is  a 
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truly  respiratory  organ,  as  we  think  it  must  be.  This  change  is  per- 
haps correlated  with  the  more  ravenous  appetite  of  the  parasite  in 
the  last  two  stages  of  its  larval  life,  and  also  with  the  gradual  dis- 
appearance of  the  blood  and  lymph  of  the  host.  With  the  disappear- 
ance of  the  fluids  of  the  host,  the  tail  as  a  blooil  gill  must  neces- 
sarily become  useless,  as  it  is  fitted  for  life  in  a  fluid  medium  only. 
Nor  does  it  seem  possible,  for  much  the  same  reason,  that  the  larva's 
whole  supply  of  oxygen  is  gained  by  osmosis  through  the  integument 
of  the  body  itself,  for  as  the  larva  grows  older  the  integument  be- 
comes thicker  and  tougher,  especialh'  in  the  last  stage.  The  only 
alternative  left  is  to  consider  that  the  oxygen  is  derived  from  the 
comparatively  enormous  amount  of  food  taken  in  during  this  period, 
and  that  it  is  absorbed  by  the  blood  of  the  larva  through  the  walls 
of  its  digestive  tube.  In  other  words,  if  the  larva  sto})ped  feeding  it 
would  not  only  starve  but  also  suffocate.  Toward  the  end  of  the  third 
stage,  however,  when  the  host  is  nearly  or  possibly  not  entirely 
consumed  the  stigmata  become  open,  and  the  larva  is  able  to  breathe 
air  directly,  as  it  certainl}^  does  after  leaving  the  host  to  spin  its 
cocoon. 

THE    COCOON. 

The  cocoon  has  been  aptly  described  by  Dr.  L.  O.  Howard  (1897) 
in  his  bulletin  on  the  parasites  of  the  white-marked  tussock  moth,  and 
we  take  the  liberty  of  transcribing  his  words  here :  "  The  cocoon  is 
rather  long  ellipsoidal,  averaging  7.5  mm.  in  length  by  2.8  mm.  in 
greatest  diameter.  It  is  composed  of  two  distinct  coverings,  the  outer 
one  of  weak,  close-spun,  crinkly,  gray,  or  grayish-brown  silk,  readily 
peeling  off  in  a  sheet,  and  the  inner  one  close,  tough,  parchmentlike, 
dark  brown  in  color,  with  golden  reflections,  of  the  type  connnon 
among  the  Ophioninae." 

RESULTS    OF    THE    DISSECTIONS    OF    HYPHANTRIA    DURING    THE 

FALL    OF    1910. 

During  the  late  sunnner  and  the  fall  of  IDIO  a  large  series  of  col- 
lections of  the  fall  webworm  {U ypluuitria  cunea  Drury)  was  brought 
together  at  the  Gipsy  Moth  Parasite  Laboratory,  and  an  extensive 
study  made  of  its  parasites  by  means  of  dissection  and  rearing  work. 
Most  of  the  work  was  conducted  bv  Mr.  J.  D.  Tothill,  who  kindly 
turned  over  to  the  writer,  together  with  his  notes,  the  series  of  lar\a^ 
of  Lhnneriimi  that  were  found  during  the  course  of  {\\q  dissections. 
Tnasfnnch  as  another  spmes  of  I/rmnenum^  is  found  attacking  the 
fall  wi'bworni  in  Massachusetts  rather  abundantly,  the  collection  of 
larva'  may  have  included  L.  pilosulnm.  as  well  as  raJuItnn,  but  th^ 
most  cnr<'fnl  scrutiny  of  the  larva\  all  of  which  were  mounted  in 
balsam  and  in  the  first  stage,  failed  to  reveal  any  characters  to  sepa- 
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rate  the  series  into  the  two  species,  so  that  some  doiihl  I'cinniris 
whether  L.  pilosulunb  was  actually  represented. 

The  two  most  important  lots  of  the  larva3  were  obtained  respec- 
tively on  August  18,  from  third-stage  hosts  collected  the  day  pre- 
viously at  Reading  Highlands,  Mass.,  and  on  September  (J  to  0,  from 
mostly  sixth-stage  hosts  collected  near  the  laboratory  at  Melrose 
Highlands.  The  former  lot  may  have  been  L.  jytloMum^  as  this 
species  spins  its  cocoon  inside  of  the  skin  of  small  hosts  and  issues 
therefrom  throughout  the  month  of  September.  The  latter  lot  of 
larva)  seems  to  have  been  L.  validum  without  any  doubt,  as  they  were 
in  the  first  stage  wdien  L.  pilosidum  Avas  already  beginning  to  issue 
as  imagos,  and  inasmuch  as  they  were  found  in  rather  large  sixth- 
stage  hosts.  It  seems  reasonable  to  conclude,  therefore,  that  the  first- 
stage  larvae  of  these  two  species  are  practically  identical  in  structure 
and  appearance. 

The  disposition  of  the  larvae  in  their  natural  host  is  not  without 
interest.  According  to  Mr.  Tothill's  notes,  they  were  found  free 
in  the  body  cavity,  between  the  walls  of  the  body  and  the  alimentary 
canal,  either  inferior  or  superior  to  the  latter.  No  indication  of 
amoebocytosis  was  encountered  during  the  course  of  the  dissections. 

GENERAL   SUMMARY. 

Limnerium>  validum'  (Cresson),  a  common  parasite  of  the  fall  web- 
worm  {Hyphantrla  cunea  Drury),  readily  attacks  the  caterpillars 
of  the  brown-tail  moth,  gipsy  moth,  and  rusty  vaporer  moths,  and 
also  the  tent  caterpillar,  when  placed  in  confinement  with  these 
hosts,  but  is  able  to  complete  its  transformations  in  the  last  species 
only  and  even  then  in  but  a  small  percentage  of  cases.  Its  larva? 
seem  to  be  totally  unadapted  for  life  in  the  caterpillars  of  the  three 
former  species,  and  fail  to  survive  the  protective  reactions  of  the 
host,  which  are  visibly  manifested  by  an  accumulation  of  active 
blood  cells  or  amoebocytes  around  the  larva?,  the  cast  eggshells,  and 
even  the  eggs  themselves.  The  amoebocytes  presumably  attack  the 
living  eggs  and  larvae,  or  at  least  ultimately  efface  the  latter  entirely. 
The  same  reaction  takes  place  in  the  case  of  the  tent  caterpillar, 
but  a  few  of  the  larvae  are  able  to  complete  their  transformations. 
Adaptation  here  is  partially  in  evidence,  and  may  be  due  to  larval 
secretions  which  ward  off  the  protective  reactions  of  the  host. 

The  egg  of  Limnerium  has  a  thick,  chitinized  chorion,  which  re- 
sists decomposition  in  the  body  fluids  of  the  host  to  a  remarkable 
degree.  The  first-stage  larva  is  characterized  by  a  long,  tapering 
tail  appendage,  evidently  adapted  for  a  respiratory  function  and 
acting  as  a  blood  gill.  The  second-stage  larva  has  a  much  shorter 
appendage,  and  the  third-stage  larva  has  none,  so  that  respiration 
very  likely  occurs  through  the  walls  of  the  digestive  tube,  oxygen 
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being  absorbed  from  the  constantly  ingested  supply  of  fresh  tissues 
of  the  host. 

The  larva  while  still  small  assumes  a  more  or  less  definite  position 
in  the  body  cavity  of  the  host,  and  generally  lies  toward  the  poste- 
rior half  of  the  body,  either  above  or  below  the  digestive  tract  and 
with  its  head  directed  caudad  in  respect  to  the  host.  During  its 
whole  life  the  larva  feeds  on  blood  and  lymph  and  on  small  solid 
})articles  which  result  from  the  disintegration  of  the  host's  tissues, 
probably  pathologically  induced  by  some  larval  secretion.  There 
is  no  evidence  to  show  that  such  definite  organs  of  the  host  as  the 
digestive  tube  and  muscular  tissue  can  be  consumed  by  the  larva 
unless  they  are  broken  dowm,  inasmuch  as  the  mouthparts  of  the 
larva  throughout  life  are  essentially  sucking. 

Under  artificial  conditions  the  minimum  time  needed  for  the  de- 
velopment of  the  insect  from  the  egg  to  the  adult  was  found  to  be 
about  50  days,  but  the  maximum  time  may  be  extended  many  months. 
Under  natural  conditions,  in  the  Northern  States  as  a  parasite  of 
lli/pkatitna,  the  females  are  probably  active  in  parasitizing  the  cater- 
pillars throughout  the  month  of  August  and  the  first  part  of  Sep- 
tember. The  larvic  issue  from  the  caterpillars  and  spin  their  cocoons 
during  September  and  the  first  part  of  October,  but  the  cocoons 
always  overwinter,  and  tlie  adults  emerge  the  following  summer. 
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